Abstract: Public R and D management agencies have been taking on key roles in the national R and D ecosystem. The purpose of this study is to suggest ways to improve the operational efficiency of public R and D management agencies based on analysis of their current status. We approached this study from a life-cycle perspective as it applies to the plan-management evaluation of R and D. Data-collection sources included documents, surveys, and interviews with staff members in agencies responsible for national R and D management. Based on the analysis results, we present suggestions for improvement in three areas: (a) unification of R and D planning and evaluation of individual ministries; (b) establishment of a panministerial management system for public R and D management agencies; (c) improvement and development of public R and D agencies' expertise and management services. Finally, we discuss possible improvements and the limits of this study.
Introduction
With the diversification of government R and D entities and expanded investment in them since the establishment of the Korea Science and Engineering Foundation (KOSEF) in 1977, the number of R and D management agencies in South Korea (hereinafter Korea) has increased, along with the merging of some of these entities in 2008 [1] following public institutional reform. At present, 17 R and D management agencies are operating within 12 ministries/agencies. As we face the Fourth Industrial Revolution, there has been a growing awareness of the function and role of public R and D management agencies (hereinafter R and D management agencies) as the foundation for innovative growth and R and D efficiency.
R and D management agencies have been taking on key roles in the national R and D ecosystem. In addition, it is no exaggeration to say that the role of these institutions is directly related to the efficiency of government R and D, since these entities are implementing government R and D budgets at onsite R and D facilities. From this standpoint, it is natural that there is rising demand for the effective and efficient planning, management, and evaluation of such agencies at the national level in order to maximize the performance of government R and D.
However, there have also been concerns about a decline in the efficiency of government R and D due to the large number of operating R and D management agencies; some critics point out problems such as similar and overlapping R and D planning, insufficient ties between research results, and hindrances to researchers arising from disparate regulations, procedures, and the systems of the various agencies [2] [3] [4] . Thus, the Moon Jae-in administration has been pushing for the operational efficiency of R and D management agenciesto overhaul the agencies and improve the work efficiency of researchers. To be more specific, the Moon Jae-in administration has been pushing ahead with "the operational efficiency of R and D management agencies and the foundation for public research" since this was selected as one of the Ministry of Science and ICT's national tasks in July 2017 [5] . This work aims to readjust, combine, and overhaul the functions of these disparate R and D management agencies by considering the characteristics of their policy targets and technological sectors. Moreover, national R and D innovation methods for the advancement of the National Innovation System (NIS) also contain details for stepping up government efforts to innovate R and D support systems by focusing on researchers, introducing R and D system and process innovations, and integrating R and D management agencies with the laws and regulations of overall R and D management [6] .
The purpose of this study is to suggest various ways to support the operational efficiency of R and D management agencies based on analysis of the current status of these agencies. Specifically, this study focuses on three questions: First, what is the role of R and D management agencies under the National Innovation System (NIS)? Second, what is the governance system of R and D management agencies and their current status from an R and D life-cycle perspective? Third, how can the efficiency of R and D management agencies be improved?
Research Background and Methodology

National R and D Program Management Mechanism under the NIS
In the late 1980s, a new conceptual NIS framework was introduced by researchers, including Freeman [7] , in science, technology, and innovation studies, and was later discussed by researchers including Lundvall [8] and Nelson [9] .
The findings of recent studies are as follows. Jeon et al. [10] argue that the necessity of open innovation is magnified in NIS theory. Jang and Ko [11] tried to overcome the limit of macroscopic analysis levels of the NIS focused on creative-innovation cases at the individual and laboratory levels through participant observation of a public research institution in Korea. In addition, Hameed et al. [12] discussed the adaptability of the NIS for sustainable economic growth, looking at the example of South Korea's mired technology transfer and commercialization process, explaining that the NIS is a framework to study interactive learning and technological-capability accumulation processes in a nation, underpinning its technology-based economic growth. On the other hand, it was generalized to classify countries according to economic competitiveness since Poter's theoretical contribution [13] . Erkut [14] classified countries according to their stage of competitive advantage (factor-driven, efficiency-driven, innovation-driven) by using an expert survey on entrepreneurship and innovation. In an innovation-driven economy, technology is considered as one of its most important elements [14] .
The NIS refers to the network of institutions in the public and private sectors interacting with all national organizations and institutions [8] related to science and technology, and R and D activities [7] . Analysis of the R and D mechanism for national R and D programs may be understood in the context of the roles of their respective elements in the single framework of the NIS.
As shown in Figure 1 , the mechanisms for managing and adjusting national R and D programs under the NIS may be classified at the panministerial level, as well as at the levels of ministries pertaining to science and technology, supporting organizations, and industry/university-research institutions; supporting organizations herein refer to R and D management agencies, which receive their R and D budget from the government, and manage and execute them [2] .
Among the KRW19.4 trillion 2017 budget for national R and D programs, the major R and D budget was approximately KRW12.0049 trillion. In total, 34 government ministries proceed with national R and D programs, and the budget for such R and D projects is on the rise every [15] . Among the KRW19.4 trillion 2017 budget for national R and D programs, the major R and D budget was approximately KRW12.0049 trillion. In total, 34 government ministries proceed with national R and D programs, and the budget for such R and D projects is on the rise every [15] .
Most goverrnment ministries are executing R and D projects and thus have supporting organizations under their umbrellas (R and D management agencies) delegate their respective R and D budgets and projects.
As a result, the co-operation and adjustment of governance on science and technology policies and research-management mechanisms have increasing importance, and adjustments in the relationships between participants and strategic-planning capabilities are required.
The adjustment mechanisms in the aspects of research planning and management under the NIS may be classified into a horizontal adjustment mechanism, a mechanism for executing and allocating research expenses, and a mechanism for industry-academia co-operation. Consideration should also be given to a mechanism for panministerial participation and civic participation (by experts and civic organizations) in such adjustments, and private firms' participation in science and technology investment [2] .
Thus, procedures for bringing about co-ordination and consensus between the interested parties are essential for successful policy-making decisions and, as shown in Figure 2 , such decisions are accompanied by co-ordination, planning, and management made at the levels of high-ranking policymakers, middle-ranking project managers and evaluators, and project performers according to the policy (macro), project (meso), and task (micro) levels [2, 16] . In this case, R and D management agencies intervene as an element in the NIS at the mesolevel of project managers and evaluators. As a result, the co-operation and adjustment of governance on science and technology policies and research-management mechanisms have increasing importance, and adjustments in the relationships between participants and strategic-planning capabilities are required.
Thus, procedures for bringing about co-ordination and consensus between the interested parties are essential for successful policy-making decisions and, as shown in Figure 2 , such decisions are accompanied by co-ordination, planning, and management made at the levels of high-ranking policymakers, middle-ranking project managers and evaluators, and project performers according to the policy (macro), project (meso), and task (micro) levels [2, 16] . In this case, R and D management agencies intervene as an element in the NIS at the mesolevel of project managers and evaluators. Among the KRW19.4 trillion 2017 budget for national R and D programs, the major R and D budget was approximately KRW12.0049 trillion. In total, 34 government ministries proceed with national R and D programs, and the budget for such R and D projects is on the rise every [15] .
Thus, procedures for bringing about co-ordination and consensus between the interested parties are essential for successful policy-making decisions and, as shown in Figure 2 , such decisions are accompanied by co-ordination, planning, and management made at the levels of high-ranking policymakers, middle-ranking project managers and evaluators, and project performers according to the policy (macro), project (meso), and task (micro) levels [2, 16] . In this case, R and D management agencies intervene as an element in the NIS at the mesolevel of project managers and evaluators. 
Overview of Public R and D Management Agencies
First of all, the ground law for R and D management agencies is described below. They are grounded on Article 11(4) of the Framework Act on Science and Technology [17] and Article 2(6) of the Regulations on the Management etc. of National Research and Development Programs [18] . The grounds for their establishment are separately prescribed in laws and regulations applicable to each ministry.
The purpose of R and D management agencies is originally to overcome restrictions of the Korean administrative system focused on the nurture of generalists, and to secure expertise in the planning, management, and assessment of national R and D programs. Moreover, these institutions are mainly concentrated on assuming the role of inducing competition among researchers in order to enhance research efficiency, and performing micromanagement at the project level.
As mentioned in the introduction, the current system of R and D management agencies can be seen as the result of the advancement of public institutions in 2008. First, at the time, the Ministry of Economy and Finance finally determined examination targets among R and D management agencies as those in cases, where there is inefficiency since organizations exist simultaneously to achieve the same policy objective, and second, where the creation of a new added value is expected as a synergy effect of organizational integration because similar organizations exist in the same sector. The directions of overhauling such institutions are to restructure overlapped and similar organizations into a single integrated one by merging them, to streamline managerial organizations and noncore programs according to the above merger, and to realign functions and personnel on the basis of originally targeted projects.
Such specific examples in education, science, technology, and industry are as follows As noted in the introduction, as of now, 12 central administrative organizations operate 17 R and D management agencies and entrust them with tasks including the planning, evaluation, and management of R and D projects that fall under their jurisdiction. These 17 agencies are classified into two types according to their R and D management duties, as seen in Table 1 .
The two above types are subdivided into eight organizations whose main purpose is the management of R and D projects, and nine ones that regard the management of R and D projects as one of their supplementary tasks.
Second, reviewing R and D management agencies in terms of their R and D cost-management scale shows, as seen in Table 2 , the 17 agencies performed the planning, management, and evaluation of R and D projects with a total of KRW10.7 trillion as of 2017, and the ratio of the planning and evaluation costs to the total project cost was 3.1%.
However, the 2017 ratios of the planning and evaluation expenses to the total project cost were, respectively, 7.4% for the Korea Institute of Planning and Evaluation for Technology in Food, Agriculture, and Forestry, 6.2% for the Korea Creative Content Agency (Kocca), 1.6% for the NRF, and 2.3% for the Institute for Information and Communications Technology Promotion (IITP), which shows that planning and assessment costs are distributed among organizations without common standards and principles for such an allotment. Source: [19] . Note: Planning, evaluation, and management costs directly related to the management of programs and projects were set as direct costs.
Research Methods
As the role of science and technology becomes significant in securing the nation's competitiveness, and as the R and D budget accordingly increases, the need for a life-cycle system for the efficient management of national R and D is growing [3] .
This study analyzes the status of the operational efficiency of R and D management agencies from a macro perspective concerning the life-cycle aspect of R and D involving the process of Planning (Plan), Management (Do) and Evaluation (See). In this study, the major functions of R and D management agencies were classified into the life-cycle of R and D project. The hypotheses were established on the assumption that there would be difference in the perception of staff members on the detailed function.
H1: There is a difference in the perception of staff members according to the detailed function of the Strategy and Planning of R and D management agencies.
H2:
There is a difference in the perception of staff members according to the detailed function of the Management and Support of R and D management agencies.
H3:
There is a difference in the perception of staff members according to the detailed function of the Evaluation and Utilization of R and D management agencies.
Based on the analysis results of this study, we also intended to present possible ways of improvement for the operational efficiency of these agencies.
For data collection, we carried out a survey of 117 people from 1 July 2017 until 15 August 2017, using a sample of seven to 10 staff members in the 17 agencies responsible for national R and D management. In addition, this study referred to the results of an unstandardized interview held during the above survey period.
The survey was analyzed on the basis of each measurement result (five-point Likert scale) of each questionnaire category. To test the hypothesis, and to prove the statistical validity of the measurement result, a one-sample t-test was carried out. Table 3 showed the results of the perception difference on governance system of R and D management agencies. First, the results of questionnaire responses on the adequacy of the total number of R and D management agencies that operate at the national level show that the average score is 2.83, and that the responses of strongly agree (2%) and agree (27%) are 29%, and the responses of disagree (30%) and strongly disagree (9%) are 39%. These findings illustrate that positive opinions on the current system of R and D management agencies in terms of the number thereof are even less than half of the whole responses, and suggest that there is a need for in-depth discussion on the proper number of R and D management agencies that is helpful for them to better serve their functions and roles.
Analysis of Current Status of Public R and D Management Agencies
Governance System of R and D Management Agencies
Second, according to the results of questionnaire responses on the adequacy of the applicable laws and regulations and systematic support for R and D management agencies, the average score is 3.15, the responses of strongly agree (3%) and agree (38%) are 41%, and the responses of disagree (27%) and strongly disagree (1%) are 28%. This indicates that the positive perceptions of legal and systematic government support for R and D management agencies are higher than the negative perceptions.
Analysis of Current Status from the R and D Life-Cycle Perspective
The major functions of R and D management agencies are classified into aspects of strategy and planning, management and support, evaluation and utilization, and the results of the hypothesis test about perceptions of their specific details are as Table 4 .
First, the hypothesis about the strategy and planning function of R and D management agencies (H1) was examined. The hypothesis test results were partially adopted. And showed that, in terms of the strategy and planning function of R and D management agencies, there are difference in perception about the agency performance strategy and planning functions, adequacy of personnel acquisition for strategy and planning and Functional co-operation between R and D management agencies in strategy and planning. Positive perceptions are higher that the adequacy of the strategy and planning performance of these agencies and the acquisition of personnel specialized in such strategy and planning. But negative perceptions of co-operation among such agencies are higher.
Second, the results of the hypothesis test for the management and support functions of R and D management agencies (H2) were partially adopted. In terms of the management and support functions of R and D management agencies, positive perceptions of their efforts to minimize researchers' administrative burdens are higher. Third, the results of the evaluation and utilization functions of R and D management agencies (H3) were all adopted at 10% significance level. In terms of the evaluation and utilization functions of R and D management agencies, positive perceptions of the establishment of the scheme and system for evaluating R and D projects, the acquisition of expertise in the assessment of R and D projects, the retention and utilization of personnel specialized in evaluation, the sharing of project achievements, research tasks, and database management, the construction of the system for giving feedback on evaluation results, and the systematic management of achievements and their follow-up management are higher, while negative perceptions of the establishment and operation of the system for sharing achievements among related organizations are higher.
As illustrated above, it was found that, among the major functions of R and D management agencies, those that turned out to be lacking and need to be improved in the future are functional co-operation among these agencies in terms of strategy and planning, the sufficiency of R and D management personnel in terms of management and support, and the establishment and operation of the system for sharing achievements among related organizations in term of evaluation and utilization.
Current Status of Project-Management Systems (PMS)
PMS refers to a system that computerizes R and D management agencies' tasks (including planning, agreement, evaluation, performance, and follow-up management) and their history information to effectively undertake administrative management and support, including the announcement, application, selection, and assessment of government R and D program and projects.
The main function of the system is to carry out a role of providing direct on-line support to researchers and R and D management agencies throughout their life-cycle processes.
As of now, there are a total of 151 regulations and guidelines that vary across R and D management agencies, and 20 different systems for managing projects are in operation by 17 ministries, as seen in Table 5 below. It was found that these agencies use 4.7 systems on average for annual funding, whereas universities use 8.2 systems on average [20] . Source: [20] .
In terms of researchers, regulations, and guidelines varying across organizations, separate logs into different systems, overlapped recording and management of materials, and disparate services are causing much inconvenience to researchers. In terms of managers, insufficient overall panministerial management, restrictions on real-time information sharing, limitations on co-operation between organizations, deepening differences on service levels, and budgetary waste and inefficiency are causing to managers, and therefore, it is required to standardize regulations and guidelines for R and D management and integrate and overhaul the relevant systems.
Discussion: Methods for Improving the Operational Efficiency of Public R and D Management Agencies
In the following section, we propose improvements to complement the overall weaknesses of the operational efficiency of public R and D management agencies.
Unification of R and D Planning, and Evaluation Functions by Individual Ministries
Analysis of the survey finds that there are limits to the enhancement of the efficiency of R and D investment due to the system of operating a large number of R and D management agencies. As a counterplan to this, we to propose that overhauling these agencies under a new system of a single R and D management agency within a ministry, and advancing the effect of economies of scale and the efficiency of research management.
As shown in Table 6 below, the above proposal shows a positive response rate of 41.7% and a negative response rate of 22.6% about the survey item of "functional co-ordination and unification among R and D management agencies." To be more specific, the R and D planning and evaluation functions of 17 R and D management agencies would be unified by individual ministries, which is needed to strengthen sectoral co-ordination and co-operation. Considering the adequacy of the R and D management scale, expertise in such management, and the acquisition of the collaboration framework as well as the unification of the above functions by each ministry, 17 R and D management agencies within 12 ministries and offices shall be combined into 10 agencies within 10 ministries. As demonstrated in Table 7 below, the reorganization of 12 R and D management agencies within seven ministries (including the Ministry of Science and ICT; the Ministry of Trade, Industry, and Energy; the Ministry of Culture, Sports, and Tourism; the Ministry of Environment/the Korea Meteorological Administration; and the Ministry of Agriculture and Forestry/the Korea Forest Service) subject to combination into five agencies within five ministries is a key to the above combination. Furthermore, common guidelines would be formulated in order to prevent the establishment of too many R and D management agencies by each individual ministry, which is required to make constant adjustments to the functions of such agencies by eliminating incompetent organizations.
Establishment of Panministerial Management System of R and D Management Agencies
It is necessary to establish a panministerial management system of R and D management agencies in order to not only prevent such organizations from springing up across ministries, but also to allow them to have certain levels of capabilities, rather than having them make one-off innovations.
To this end, it is first urgently needed to create legal grounds for common principles on the definition, establishment, and requirements for the designation, functions, roles, and evaluation of R and D management agencies. The names of such agencies, whose functions have been completely overhauled, within the respective ministries would be specified in applicable laws, and the above panministerial system would be managed to ensure that only designated R and D management agencies are allowed to carry out R and D planning, management, and evaluation functions. On top of this, the respective ministries' ground laws for the incorporation of these agencies and the Act on the Management of Public Institutions would be amended.
Second, we propose that the Office of Science and Technology Innovation within the Ministry of Science and ICT devise a system for the evaluation of R and D management agencies' competencies and performance levels, and that in-depth evaluations of all R and D management agencies be made. Specific methods of such assessments are to organize an evaluation panel and to examine the reflection of the evaluation manual and achievements. Major evaluation indicators include expertise in planning and evaluation, competencies, the quality of research and administrative services, and the application of R and D in institutional improvements. The results of the above evaluations would first be reflected in the determination of planning and evaluation costs for each ministry, and later be used in the transfer and overhaul of the functions of incompetent R and D management agencies.
As seen in Table 8 below, the preceding proposal shows a positive response rate of 67.8% and a negative response rate of 4.4% about the need for performance management and the establishment of each evaluation system considering organizational characteristics. 
Improvement of R and D Development Agencies' Expertise and R and D Management Services
We propose overhauling these agencies' functions with a focus on the realization of researcher-centered research environments and the enhancement of R and D investment efficiency, as well as making the following systematic improvements for the advancement of expertise in R and D planning, management, and evaluation.
Standardising R and D Regulations of Individual Ministries
We suggest streamlining and standardizing the relevant regulations, including those on principles to push for government R and D, the procedures thereof, the methods of managing such R and D, sanctions thereon, and institutionalizing improvements in applicable R and D laws and regulations through a collection of researcher voices.
Researchers have raised a lot of complaints since R and D management agencies respectively apply different standards for their management and principles:
"As you know, we have to comply with the Ministry of Science and ICT's management standards, principles, and specific guidelines, and the operational rules of the respective ministries. However, such rules are so specific that they are too strict and intrusive from the standpoint of researchers. We have no other choice but to more strictly apply these rules in a situation where we are under audit over and over again, even though we do not want to do so. If there is a problem, we are forced to make new guidelines to solve it" ($$$ Agency, Team Leader ; interview with the R and D management agency in August 2017).
The above interview results are seen as an example of the need for the standardization of R and D regulations by each ministry.
Improvement and Advancement of PMS
We suggest that PMS varying across organizations be integrated into one system in phases so as to provide streamlined services.
As shown in Table 9 , there was a positive response rate of 67.8% and a negative response rate of 7.8% about the survey item of the need for "information-and resource-sharing between R and D management agencies". Specifically, with respect to the standardization of PMSs (for the planning, selection, evaluation, and performance management), ministries would launch their efforts to standardize their respectivly operating PMSs and draw up ways of standardizing them. In addition, ministries need to share information on research projects (including planning, evaluation, field of technology, researchers) in real time so that they can employ such information in planning new projects, promoting expertise in evaluating, enabling co-operation among ministries, and formulating effective R and D investment strategies.
Reorganization of the System of R and D Planning and Evaluation Costs
R and D planning and evaluation costs refer to those spent on the planning, evaluation, and management of R and D projects. The problem with such costs, however, is that they are spent in operating organizations as personnel and overhead costs, rather than being used for their original purposes, thereby restricting the specialized planning and management of R and D.
Therefore, we propose that the distributed budgets, as shown in Table 10 below, be unified as those for projects funded by each ministry. Specifically, dispersed personnel, overhead, and planning and evaluation costs across projects would be formulated and managed by the respective ministries, and standards for calculating planning and evaluation expenses would be created in light of not only the number of tasks, evaluation methods, and evaluations, but also the proper size of such costs in order to strengthen expertise in the utilization of planning and research achievements. Moreover, the evaluation results of R and D management agencies would be linked to and differently reflected in budget distribution for planning and evaluation costs. In regard to this problem, those in charge of R and D management agencies say: "As the ratio of government funds to operating costs is low, we fund about 90% of operating costs through research planning and evaluation costs. The problem with this is that since most of operating costs are financed by research planning and evaluation costs, the funding of operating costs is not stable. This could be a stumbling block to the stable operation of our organization such as the formulation of a project plan for the next year or personnel operation" ($$$ Agency, A person of accounting; interview with the R and D management agency in August 2017).
The above interview results are seen as an example of the need for supplementing the existing distribution of planning and evaluation costs.
Development of a Supporting System to Boost Expertise in Planning and Evaluation
First, in an effort to boost expertise in planning and evaluation, we propose that planning managers (PM) mainly increase in industrial fields and markets, and that the status of planning managers be enhanced within R and D management agencies.
Second, we propose that a common pool of evaluators be created, and the respective R and D management agencies' evaluation-personnel databases be linked to their systems and used jointly by such agencies in order to bolster a panministerial sharing system of researcher achievements. Lastly, we propose that an association of R and D management for strengthening mutual linkage and co-operation be formed so as to facilitate R and D co-operation between R and D management agencies and the expansion of convergent and comprehensive R and D, and that the government provide support to this.
Conclusion and Further Research
This study has analyzed the actual conditions of R and D management agencies from the perspective of an R and D life-cycle process, and has presented improvement methods for the operational efficiency of these agencies.
In this study, the major functions of R and D management agencies are classified into the life cycle of R and D projects. The hypotheses were established on the assumption that there would be difference in the perception of staff members on the detailed function. To do this, we conducted a questionnaire survey of staff members in the 17 R and D management agencies. Hypothesis testing was conducted using the collected data.
Analysis of the current status of R and D management agencies found that they should be restructured into organizations of appropriate numbers as related to their governance systems, however, legal and systematic of the government support turns out to be positive. In addition, there is a need for functional co-operation between these agencies in terms of strategy and planning, the sufficiency of research management personnel in terms of management and support, and the development and operation of a shared system of achievement between the related organizations in terms of evaluation and utilization. Additionally, regulations and guidelines should be standardized with respect to the current PMS status, and that PMS is needed to integrate and overhaul systems.
Based on the analysis results, we offer suggestions in three areas for improvement: (a) unification of R and D planning and evaluation of individual ministries; (b) establishment of a panministerial management system for public R and D management agencies; (c) improvement and development of public R and D agencies' expertise and management services.
Lastly, the above analysis was also measured as individual performance recognition at R and D management agencies rather than simply depending on quantitative data regarding performance because standardized classification of such performance has not yet been made in connection with the future direction of this study. This study is supplemented with a detailed plan for investigation. If studies, such as efficiency analysis or other performance analysis, are done in the next three to five years, better methods of improvement for the operational efficiency of R and D management agencies can be presented.
